FRP bars are considered alternatives to steel bars for reinforcing concrete structures in harsh environments. FRP bars are non-corrosive, light weight, non-magnetic and have high longitudinal strength and low thermal and electric conductivity. This paper experimentally investigated the flexural behaviour of high strength concrete (HSC) and ultra-high strength concrete (UHSC) beams reinforced with glass fiber reinforced polymer (GFRP) bars that has not been addressed in the literature before. Beams of 2400 mm long, 100 mm wide and 150 mm high were tested under quasi-static loading (three point loading). Influence of reinforcement ratio and compressive strength of concrete (HSC and UHSC) on the load carrying capacity, deflection, energy absorption, strains in the concrete and reinforcement, and failure modes were investigated. Test results found that over-reinforced HSC and UHSC GFRP bar reinforced concrete (GFRP-RC) beams showed an amount of pseudo ¿ductility¿ compared to under-reinforced HSC and UHSC GFRP-RC beams, where failure was brittle, without any prior warning. Energy absorption capacities were found to be higher for UHSC GFRP-RC beams for the same amount of reinforcement compared to HSC GFRP-RC beams. FRP design recommendations in ACI (2015) and CSA (2012) were compared with experimental data. FRP design recommendations for the calculation of flexural strength were found to be conservative (load-carrying capacity was under-predicted by 36% for both HSC GFRP-RC beams and UHSC GFRP-RC beams). However, FRP design recommendations for the calculation of deflection at the load carrying capacity were found to be un-conservative (deflections were under-predicted by an average of 10-22% for the HSC GFRP-RC beams and UHSC GFRP-RC beams).
Research Highlights 28
• HSC and UHSC GFRP-RC beams reinforced with GFRP bar were tested to investigate 29 flexural behaviour
30
• Failure modes of HSC and UHSC GFRP-RC beams were identified.
31
• FRP design recommendations were compared with experimental results.
32
• Over-reinforced HSC and UHSC GFRP-RC beams showed an amount of pseudo 33 "ductility". 
Introduction

84
Steel bars have been traditionally used as reinforcement for concrete structures. However, the 85 use of steel bars is not recommended in marine and coastal areas [1] . This is due to the However, the use of FRP bars to reinforce marine infrastructure, where corrosion of steel is 94 highly likely, the service life and durability of the marine structures will be increased, resulting 95 strength is most beneficial when higher amounts of reinforcement are used. Finally, Goldston et 119 al. [4] reported that the use of higher strength concrete was most beneficial at controlling mid-120 span deflection as well as increasing bending stiffness. However, in contrast to Theriault and 121 Benmokrane [13] , concrete strength did not influence load carrying capacity of GFRP-RC beams 122 in Goldston et al. [4] . Extensive research has been conducted into the flexural behaviour of FRP-
123
RC beams constructed mostly with normal and to a limited extent with high strength concrete (< 124 100 MPa). However, no studies yet investigated the flexural behaviour of GFRP-RC beams with 125 concrete strength greater than 100 MPa.
126
To address this issue, this paper presents the flexural behaviour of six GFRP-RC beams 
Materials
142
Test specimens were batched onsite using concrete mix designs (Table 1) The GFRP bars were supplied by V-Rod Australia [24] . Three specimens of each diameter were 152 tested for tensile properties including tensile strength, elastic modulus and rupture strain 153 according to ASTM D7205/D7205M [25] . Tensile strength and elastic modulus were calculated 154 using nominal diameters. Tensile properties of GFRP reinforcement bars are reported in Table 2 . 
Specimen Design and Preparation
173
In this study, six beams reinforced with GFRP bars were cast and experimentally tested under 174 three point loading. Three beams were cast with nominal concrete strength of 80 MPa and three 175 beams were cast with nominal concrete strength of 120 MPa. All specimens were 100 mm wide, 176 150 mm high and 2400 mm long. Shear span-to-depth ratio was approximately 8 for all beams.
177
Cross-sectional dimensions and schematic view of the GFRP-RC beams are presented in Fig. 2 .
178
All GFRP-RC beams were doubly reinforced, with two GFRP reinforcement bars in the tensile 179 zone and two GFRP reinforcement bars in the compressive zone. It is noted that investigations 180 on the effect of top reinforcement in the compressive zone is beyond the scope of the paper and 181 is considered part of the future research by the authors and research collaborators. Longitudinal
182
GFRP tensile reinforcement ratios were 0.5%, 1.0% and 2.0%. The concrete cover was 15 mm at Beams with a tensile longitudinal reinforcement ratio of ߩ = 0.5% were under-reinforced
189
(GFRP reinforcement rupture governs) and beams with a tensile longitudinal reinforcement ratio 
Testing Procedure
209
The GFRP-RC beams were simply supported and tested under three point loading (Fig. 3) . (Fig. 4) . Two strain gauges were attached at the centres of 218 the tensile GFRP reinforcement bars to measure tensile strain. During testing, cracks were 219 marked and the corresponding loads were recorded. All data including load, mid-span deflection 220 and strain were recorded using a high speed data acquisition system. Fig. 6 (a) ). The load at peak 1 for the over-reinforced HSC GFRP-RC beams ranged from 33.0 256 kN to 46.1 kN. For the over-reinforced UHSC GFRP-RC beams, load at peak 1 ranged from 41.8 257 kN to 52.2 kN. This peak (peak 1) was considered "failure", and classifed as the ultimate load 258 carrying capacity (ܲ ௨ ) from a design point of view, due to crushing of concrete cover.
259
At higher loading stages, after crushing of concrete cover (peak 1), the over-reinforced GFRP-
260
RC beams were able to sustain and carry additional load (reserve capacity or pseudo "ductility"). other side of the loading point (peak 2) ( Fig. 6 (b) ). The crushing of concrete cover resulted in 265 another major drop in load carrying capacity (peak 2). The load at peak 2 ranged from 44.6 kN to 
268
Following the additional crushing of concrete cover (peak 2), the HSC and UHSC GFRP-RC 269 beams still showed signs of reserve capacity, with another increase in load until total failure 270 (peak 3). From peak 2 to peak 3, signs the tensile GFRP reinforcement bars reaching their 271 rupture strain were evident by the formation of cracks along the tensile region around the mid- 
Load-Midspan Deflection Behaviour
282
The experimental load-midspan deflection behaviour for the GFRP-RC beams is presented in increase in load carrying capacity (Fig. 11) and reduction in mid-span deflection (Fig. 12) for an 365 increase in the amount of tensile reinforcement. Also, bending stiffness (Fig. 13) and energy 366 absorption capacity significantly increased by increasing reinforcement ratio (Fig. 14) . 
384
Bending stiffness and energy absorption capacities were approximately three and five times 385 higher, respectively. This was also evident for an increase in reinforcement ratio from ߩ = 386 0.5% to ߩ = 2.0% (HSC GFRP-RC beams 80-#2-0.5 and 80-#4-2.0) where load carrying 387 capacity increased significantly (207% increase with a reduction in mid-span deflection of 29%).
388
Bending stiffness and energy absorption capacity were found to be approximately 5 and 8 times Post-cracking bending stiffness increased by 61%. Energy absorption capacity was found to be 395 1.5 times larger for ߩ = 2.0%. Similar outcomes were observed for UHSC GFRP-RC beams.
396
For example, by increasing reinforcement ratio from ߩ = 1.0% to ߩ = 2.0% (UHSC GFRP-
397
RC beams 120-#3-1.0 and 120-#4-2.0), load increased 25%, with a reduction in mid-span 
Influence of HSC and UHSC
401
The effect of concrete strength was investigated in terms of load carrying capacity, mid-span 
406
The reason for the small increase in load carrying capacity was that the HSC and UHSC GFRP- 
416
In contrast, concrete strength had more influence on the behaviour of the over-reinforced HSC
417
and UHSC GFRP-RC beams (ߩ = 1.0% and ߩ = 2.0%). This is because the failure was predicted load by 39% for ߩ = 0.5% and 30% for ߩ = 1.0%. integration factor, ߛ which is based on the loading condition (three point loading, four point loading, uniform distributed load etc.) and boundary conditions (simply supported, fixed etc.).
Experimental Results versus Code Recommendations
479
Equation (2) Equation (4) for three point loading. overall, it was found that the two approaches for calculation of deflection provided un-
528
conservative results compared to the experimental deflection. 
